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CONCENTRATION MEASURING METHOD AND CONCENTRATION MEASURING DEVICE 



(57) The present invention relates to a technique for 
measuring the concentration of a particular component 
in a sample liquid using a test tool (2). The test tool (2) 
includes a first through a third detection elements (31a- 
33a) arranged in the mentioned order in the moving di- 
rection of the sample liquid for measuring an electro- 
physical quantity. The present invention provides a con- 
centration measuring method which includes a first de- 
tection step for detecting whether or not liquid conduc- 
tion is established between the first and the second de- 



tection elements (31 a. 32a), a second detection step for 
detecting whether or not liquid conduction is established 
between the second and the third detection elements 
(31a. 33a), a measurement step for measuring an elec- 
tro-physical quantity by using the first through the third 
detection elements (31a-33a). and a concentration 
computation step for computing the concentration of the 
particular component based on the electro-physical 
quantity. The present invention also provides a concen- 
tration measuring apparatus (1 ) for realizing the concen- 
tration measuring method. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a technique for 
measuring the concentration of a particular component 
(e.g. glucose or cholesterol) contained in asample liquid 
(e.g. blood or urine). 

BACKGROUND ART 

[0002] A popular method for measuring the concen- 
tration of a particular component contained in a sample 
liquid (e.g. glucose in blood) utilizes oxidation-reduction 
reaction. Portable hand-held blood glucose level meas- 
uring apparatuses are available so that the user can 
easily check the blood glucose level while staying at 
home or away from home. To measure the blood glu- 
cose level using such a portable blood glucose level 
measuring apparatus, a disposable biosensor for pro- 
viding an enzyme reaction system is attached to the 
measuring apparatus, and then blood is supplied to bi- 
osensor for the measurement of the blood glucose level 
(See JP-B-8-1 0208, for example). 
[0003] Various types of biosensors have been put to 
practical use, an example of which is shown in Figs. 11 
and 12 of the accompanying drawings. The illustrated 
biosensor 9 includes a substrate 92, a spacer 93, a cov- 
er 94, and a capillary 95 defined by these parts. The 
substrate 92 is formed with an operative electrode 90 
and a counterpart electrode 91 . A portion 90a of the op- 
erative electrode 90 and a portion 91 a of the counterpart 
electrode 91 are located within the capillary 95 and con- 
nected to each other by a reagent portion 96. The rea- 
gent portion 96 contains oxidoreductase and an electron 
carrier. The cover 94 is formed with a discharge port 94a 
and laminated on the substrate 92 via the spacer 93. 
The interior of the capillary 95 communicates with the 
outside through an open end 93a of a slit 93A and the 
discharge port 94a. 

[0004] For measuring the blood glucose level, blood 
is introducedto the capillary 95 of the biosensor9, which 
is pre-mounted to the blood glucose level measuring ap- 
paratus. The blood moves through the capillary 95 to 
the discharge port 94a by capillary action while dissolv- 
ing the reagent portion 96 to form a liquid phase reaction 
system in the capillary 95. The concentration measuring 
apparatus determines whether or not the sample liquid 
introduced intothecapillary 95 based on to the response 
current (or the voltage converted from the response cur- 
rent) obtained by utilizing the operative electrode 90 and 
the counterpart electrode 91 . Specifically, when the re- 
sponse current (or the responsive voltage) is equal to 
or higherthan a predetermined threshold value, it is de- 
termined that the blood is supplied. 
[0005] In the liquid phase reaction system in the cap- 
illary 95, the glucose in the blood is oxidized while the 
electron carrier is reduced by the catalytic reaction of 



oxidoreductase. When certain voltage is applied to the 
liquid phase reaction system, the electron carrier is ox- 
idized (releases electrons), and the electrons released 
by the electron carrier is supplied to the operative elec- 

5 trode 90. The blood glucose level measuring apparatus 
measures the supply of electrons to the operative elec- 
trode 90 as the oxidation current, and computes the glu- 
cose level based on the oxidation current. 
[0006] The response current reflects the supply of 

10 electrons to the operative electrode 90, and the electron 
supply to the operative electrode 90 reflects the amount 
of oxidized glucose, i. e. the glucose level. However, the 
blood contains blood cell components such as red blood 
cells, and the response current varies depending on the 

15 amount of the blood cell components. The amount of 
blood cell components in blood (hematocrit) differs 
among individuals and varies depending on physical 
condition even in the same person. Therefore, due to 
the influence of hematocrit, proper measurement may 

20 be impossible even when the same person performs 
measurement, let alone when the users are different. 
Further, the response current measured may be influ- 
enced not only by hematocrit but also by the degree of 
chyle or hemolysis of blood, for example. 

25 [0007] The influence of hematocrit may be eliminated 
by a method in which the hematocrit of the blood is 
measured in advance and the blood glucose level is cal- 
culated while taking the hematocrit into consideration 
(See JP-A-1 1 -1 941 08, for example) . 

30 [0008] However, the concentration measurement by 
such a method is troublesome, because the hematocrit 
need be inputted in the blood glucose level measuring 
apparatus. The operation for inputting hematocrit is par- 
ticularly troublesome in a medical facility, for example, 

35 in which a single blood glucose level measuring appa- 
ratus need be used frequently for measuring the blood 
glucose level of a large number of patients. Moreover, 
before the use of the blood glucose level measuring ap- 
paratus, another apparatus need be used for measuring 

40 the hematocrit of the patient, which makes the method 
further troublesome. 

DISCLOSURE OF THE INVENTION 

45 [0009] An object of the present invention is to make it 
possible to perform proper concentration measurement 
while taking the influence of another component con- 
tained in the sample liquid into consideration and avoid- 
ing posing a burden on the user. 

50 [0010] According to a first aspect of the present inven- 
tion, there is provided a concentration measuring meth- 
od for measuring concentration of a particular compo- 
nent in a sample liquid using a test tool which comprises 
a capillary for moving the sample liquid, and a first 

55 through third detection elements for measuring an elec- 
tro-physical quantity. The firstth rough the third detection 
elements are arranged in the mentioned order from an 
upstream side toward a downstream side in the moving 
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direction of the sample liquid. The method comprises a 
first detection step for detecting whether or not liquid 
conduction is established between the first detection el- 
ement and the second detection element, a second de- 
tection step for detecting whether or not liquid conduc- 
tion is established between the second detection ele- 
ment and the third detection element, a measurement 
step for measuring an electro-physical quantity for com- 
putation by using at leasttwo of the first through thethird 
detection elements, and a concentration computation 
step for computing the concentration of the particular 
component based on the electro-physical quantity for 
computation. 

[0011] Examples of electro-physical quantity include 
current, voltage and resistance. 

[0012] Preferably, the concentration measuring meth- 
od of the present invention further comprises a time 
computation step for computing time taken from the de- 
tection of liquid conduction in the first detection step to 
the detection of liquid conduction in the second conduc- 
tion step. In this case, the concentration computation 
step preferably comprises computing the concentration 
of the particular component while taking the computed 
time into consideration. 

[0013] The concentration computation step may in- 
clude data processing operation for correcting, based 
on a correction value, an electro-physical quantity for 
computation or a computed value obtained based on the 
electro-physical quantity for computation. 
[001 4] The computed value may be a voltage convert- 
ed from a response current measured as the electro- 
physical quantity, or the concentration obtained by com- 
putation without correction. The correction value may be 
obtained by computation based on data showing a re- 
lationship between the time taken and a correction val- 
ue. 

[001 5] Preferably, the second detection step compris- 
es measuring an electro-physical quantity by using all 
of the first through the third detection elements and de- 
termining whether or not liquid conduction is established 
between the second detection element and the third de- 
tection element based on a time history of the electro- 
physical quantity. 

[001 6] Specifically; for example, the second detection 
step comprises measuring an electro-physical quantity 
at a plurality of predetermined measurement time 
points, computing a variation in current per unit time at 
each of the measurement time points, and determining 
that liquid conduction is established between the sec- 
ond detection element and the third detection element 
when the variation in current is greater than a predeter- 
mined threshold value. 

[001 7] The second detection step may comprise com- 
puting a difference between an electro-physical quantity 
measured at a certain measurement time point and an 
electro-physical quantity measured at another meas- 
urement time point directly before said certain measure- 
ment time point and determining that liquid conduction 



is established between the second detection element 
and the third detection element when the difference is 
greater than a predetermined threshold value. 
[0018] Preferably, thethird detection element is larger 
5 in surface area than the first detection element in the 
test tool. 

[0019] Preferably, the concentration computation 
step comprises computing the concentration of the par- 
ticular component based on a difference between an 

10 electro-physical quantity measured after a predeter- 
mined time has elapsed since liquid conduction be- 
tween the second detection element and the third de- 
tection element was detected in the second detection 
step and another electro-physical quantity measured 

15 when liquid conduction between the second detection 
element and the third detection element is detected in 
the second step. 

[0020] For example, the sample liquid may contain a 
coexisting component which causes an error in the con- 

20 centration measurement of the particular component. In 
this case, the time taken is figured out as a reflection of 
influence of the coexisting component. When the sam- 
ple liquid is blood, the coexisting component which 
causes a measurement error may be blood cells, and 

25 the particular component may be glucose. The sample 
liquid may be other biochemical samples such as urine 
or saliva, or samples other than biochemical samples. 
[0021] According to a second aspect of the present 
invention, there is provided a concentration measuring 

30 apparatus for measuring concentration of a particular 
component in a sample liquid using a test tool which 
comprises a capillary for moving the sample liquid, and 
a first through a third detection elements for measuring 
an electro-physical quantity. The first through the third 

35 detection elements are arranged in the mentioned order 
from an upstream side toward a downstream side in the 
moving direction of the sample liquid. The apparatus 
comprises a detector for detecting whether or not liquid 
conduction is established between the first detection el- 

40 ement and the second detection element as well as be- 
tween the second detection element and the third de- 
tection element, an electro-physical quantity measurer 
for measuring an electro-physical quantity for computa- 
tion by using at least two of the first through the third 

45 detection elements, and a computation unit for comput- 
ing the concentration of the particular component based 
on the electro-physical quantity for computation. 
[0022] Preferably, the concentration, measuring ap- 
paratus further comprises a voltage application unit for 

50 applying a voltage across at least two detection ele- 
ments selected from the first through the third detection 
elements. In this case, the electro-physical quantity 
measurer measures a current as the electro-physical 
quantity,when the voltage application means applies the 

55 voltage. Alternatively, the electro-physical quantity 
measurer may measure e.g. resistance as the electro- 
physical quantity. 

[0023] Preferably, the computation unit computes the 
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time taken from the establishment of liquid conduction 
between the first detection element and the second de- 
tection elementto the establishment of liquid conduction 
between the second detection element and the third de- 
tection element and computes the concentration of the 
particular component while taking the computed time in- 
to consideration. 

[0024] For example, the electro-physical quantity 
measurer measures an electro-physical quantity at a 
plurality of measurement time points with predeter- 
mined intervals. Preferably, in this case, the detector de- 
termines whether or not liquid conduction is established 
between the second detection element and the third de- 
tection element based on a time-course of the electro- 
physical quantity. 

[0025] Specifically, for example, the detector com- 
putes a variation in current per unit time at each of the 
measurement time points and determines that liquid 
conduction is established between the second detection 
element and the third detection element when the vari- 
ation in current is greater than a predetermined thresh- 
old value. In the second detection step, the detector may 
compute a difference between an electro-physical 
quantity measured at a certain measurement time point 
and an electro-physical quantity measured at another 
measurement time point directly before said certain 
measurement time point and determine that liquid con- 
duction is established between the second detection el- 
ement. and the third detection element when the differ- 
ence is greater than a predetermined threshold value. 
[0026] For example, the computation unit may com- 
pute the concentration of the particular component 
based on a difference between an electro-physical 
quantity measured after a predetermined time has 
elapsed since liquid conduction between the second de- 
tection element and the third detection element was de- 
tected by the detector and another electro-physical 
quantity measured when liquid conduction between the 
second detection element and the third detection ele- 
ment is detected by the detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

Fig. 1 is a view for describing a first embodiment of 
the present invention and schematically illustrates 
a concentration measuring apparatus to which a bi- 
osensor is attached. 

Fig. 2 is a perspective view of the biosensor shown 
in Fig. 1 . 

Fig. 3 is an exploded perspective view of the bio- 
sensor shown in Fig. 2. 

Figs. 4A-4E are sectional views taken along lines 
IV-IV in Fig. 2 for describing the movement of the 
blood in the capillary. 

Fig. 5 is a flowchart for describing the concentration 
measurement operation. 



Fig. 6 is a view for describing a second embodiment 
of the present invention and schematically illus- 
trates a concentration measuring apparatus to 
which a biosensor is attached. 
5 Fig. 7 is a perspective view of the biosensor shown 

in Fig. 6. 

Fig. 8 is an exploded perspective view of the bio- 
sensor shown in Fig. 7. 

Fig. 9 is a flowchart for describing the concentration 
10 measurement operation. 

Fig. 1 0 is a flowchart for describing the liquid con- 
duction detection process in the concentration 
measurement operation. 

Fig. 11 is an exploded perspective view illustrating 
15 an example of prior art biosensor. 

Fig. 12 is a sectional view of the biosensor shown 
in Fig. 11 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 

[0028] Preferred embodiments of the present inven- 
tion will be described below with referenceto the accom- 
panying drawings. 

[0029] Figs. 1-5 illustrate a first embodiment of the 

25 present invention. 

[0030] As shown in Fig. 1 , a concentration measuring 
apparatus 1 for measuring the concentration of a partic- 
ular component in a sample liquid using a biosensor 2 
includes a controller 1 0, a memory 1 1 , a switching unit 

30 12, a voltage application unit 13, a current measurer 14, 
a detector 1 5, a computation unit 16 and a display 1 7. 
[0031] As shown in Figs. 2 and 3, the biosensor 2 in- 
cludes a substrate 3, a first and a second spacers 40, 
41 , a cover 5, and a capillary 6 defined by these parts. 

35 [0032] The substrate 3 has an upper surface 30 
formed with an operative electrode 31 , a first counter- 
part electrode 32 and a second counterpart electrode 
33 which extend longitudinally of the substrate 3. The 
electrodes 31 -33 are spaced from each other widthwise 

40 of the substrate 3 and covered with an insulating film 34 
except for pairs of opposite ends 31 a-33a and 31 b-33b. 
The ends 31a-33a of the operative electrode 31, first 
counterpart electrode 32 and second counterpart elec- 
trode 33 are connected to each other via a reagent por- 

45 tion 35. The reagent portion 35 is in a solid state and 
contains oxidoreductase and an electron carrier. The 
kind of oxidoreductase and electron carrier is selected 
depending on the kind of the component to be meas- 
ured. To measure e.g. the glucose level, glucose dehy- 

50 drogenase or glucose oxidase may be used as oxidore- 
ductase, and potassium ferricyanide may be used as 
electron carrier, for example. 

[0033] The cover 5 is laminated on the substrate 3 via 
the first and the second spacers 40 and 41 . Each of the 
55 first and the second spacers 40 and 41 , which are 
spaced from each other longitudinally of the substrate 
3, has a predetermined thickness and extends width- 
wise of the substrate 3 to partially cover the substrate 
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3. Thus, the first and the second spacers 40, 41 define 
the thickness, width, and internal configuration of the 
capillary 6. Specifically, the capillary 6 has an internal 
space extending widthwise of the substrate 3 and com- 
municating with the outside through openings 60. 61 . 
[0034] In the biosensor 2, when a sample liquid B is 
introduced through the opening 60, the sample liquid 
moves through the capillary 6 toward the opening 61 by 
capillary action, as shown in Figs. 4A-4D, and eventually 
fills the internal space of the capillary 6, as shown in Fig. 
4E. During the movement, thesample liquid B dissolves 
the reagent portion 35 to form a liquid phase reaction 
system in the capillary 6. In the liquid phase reaction 
system, oxidation-reduction reaction occurs to produce 
a reaction product in accordance with the amount of the 
componentto be measured. In measuring glucose level, 
glucose is oxidized, while the electron carrier is reduced. 
When a voltage is applied to the liquid phase reaction 
system by utilizing the operative electrode 31 and at 
least one of the counterpart electrodes 32 and 33, for 
example, the reduced electron carrier releases the elec- 
trons. The electrons released from the electron carrier 
are supplied to the operative electrode 31 . 
[0035] The controller 10 shown in Fig. 1 controls the 
operation of each of the units 12-17. 
[0036] The memory 1 1 stores programs and data nec- 
essary for operating the units 12-17. For ihstance, the 
data stored in the memory 11 may include that as to a 
calibration curve showing the relationship between a re- 
sponse current (or the voltage converted from the cur- 
rent) and the glucose level, and that as to correction val- 
ues used for computing the concentration in the compu- 
tation unit 1 6. For instance, the data as to correction val- 
ues is stored in the form of a table or a formula as as- 
sociated with the time taken from when liquid conduction 
is established between the end 31a of the operative 
electrode 31 and the 32a of the first counterpart elec- 
trode 32 till when liquid conduction is established be- 
tween the end 31a of the operative electrode 31 and the 
33a of the second counterpart electrode 33. 
[0037] The switching unit 12 includes a first switch 
12a and a second switch 12b. The switches 12a and 
12b are turned on and off individually by the controller 
10. By individually turning on or off the first switch 12a 
and the second switch 1 2b, the voltage application unit 
1 3 and the current measurer 1 4 are electrically connect- 
ed to selected one or both of the first counterpart elec- 
trode 32 and the second counterpart electrode 33. 
[0038] The voltage application unit 1 3 serves to apply 
a voltage across the operative electrode 31 and the 
counterpart electrodes 32, 33. The voltage application 
unit 13 includes a DC power source such as a dry cell 
or a rechargeable battery. 

[0039] The current measurer 14 measures the re- 
sponse current when a voltage is applied across the op- 
erative electrode 31 and at least one of the counterpart 
electrodes 32, 33. 

[0040] The detector 15 detects whether or not liquid 



conduction is established between the ends 31a of the 
operative electrode 31 and the end 32a of the first coun- 
terpart electrode 32 or between the ends 31 a of the op- 
erative electrode 31 and the end 33a of the second 
5 counterpart electrode 33 when the sample liquid is in- 
troduced into the capillary 6. 

[0041] The computation unit 16 computes the time 
taken from the occurrence of liquid conduction between 
the end 31 a of the operative electrode 31 and the end 

10 32a of the first counterpart electrode 32 to the occur- 
rence of liquid conduction between the end 31a of the 
operative electrode 31 and the end 33a of the second 
counterpart electrode 33. Based on the computed time, 
the computation unit computes the correction value nec- 

15 essary for the computation of the concentration of the 
particular component in the sample liquid. The compu- 
tation unit computes the concentration based on the cor- 
rection value and the current measured by the current 
measurer 14. 

20 [0042] The display 17 is provided for displaying meas- 
urement results or an error message, for example. The 
display 17 may comprise a liquid crystal display, for ex- 
ample. 

[0043] Each of the controller 1 0, the memory 1 1 , the 

25 detector 1 5 and the computation unit 1 6 may comprise 
one of a CPU, a ROM and a RAM or a combination of 
these components. Alternatively, all of the units 10, 11 . 
1 5 and 1 6 may be provided by connecting a plurality of 
memories to a single CPU. 

30 [0044] The method for measuring the blood glucose 
level using the concentration measuring apparatus 1 
and biosensor 2 will be described below with reference 
to Figs. 1 -4 and the flowchart shown in Fig. 5. Herein, it 
is assumed that the first and the second switches 11a 

35 and 11b are on before the biosensor 2 is mounted to the 
concentration measuring apparatus 1. 
[0045] First, for measuring the blood glucose level, 
the biosensor 2 is mounted to the concentration meas- 
uring apparatus 1 , and blood is introduced into the cap- 

40 illary 6 of the biosensor 2 through the opening 60 or the 
opening 61 . 

[0046] In the concentration measuring apparatus 1 . 
the voltage application unit 1 3 applies a voltage across 
the operative electrode 31 and the first counterpart elec- 
45 trode 32 and across the operative electrode 31 and the 
second counterpart electrode 33 of the biosensor 2 (S1). 
The current measurer 14 measures the response cur- 
rent (S2). 

[0047] The detector 15 checks whether or not liquid 
50 conduction is established between the end 31a of the 
operative electrode 31 and the end 32a of the first coun- 
terpart electrode 32 or between the end 31a of the op- 
erative electrode 31 and the end 33a of the second 
counterpart electrode 33 (S3). Specifically, the detector 
55 1 5 monitors the response current measured by the cur- 
rent measurer 14 and checks whether or not the re- 
sponse current exceeds a predetermined threshold val- 
ue. When the response current exceeds the threshold 
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value, the detector 15 determines that the interior of the 
capillary is in the state as shown in Fig. 4C, for example, 
and that liquid conduction is established (S3: YES). 
When the response current does not exceed the thresh- 
old value, the detector 15 determines that the interior of 
the capillary is in the state as shown in Fig. 4A or 4B, 
for example, and that liquid conduction is not provided 
(S3: NO). 

[0048] When the detector 15 does not detect the liquid 
conduction (S3: NO), the current measurement in S2 
and the check in S3 are repetitively performed until the 
detector 15 detects the liquid conduction (S3: YES). In 
this case, the measurement of the response current in 
S2 is performed every 0.05 to 0.2 seconds, for example. 
When the liquid conduction is not detected even when 
the check is performed more than a predetermined 
number of times or even after a predetermined time has 
elapsed, the operation may be treated as an error. 
[0049] When the liquid conduction is detected by the 
detector 15 (S3: YES), it is determined that the blood 
has entered the capillary 6, and the controller 10 turns 
off one of the first switch 1 2a and the second switch 1 2b 
(S4). For instance, when the liquid conduction between 
the end 31 a of the operative electrode 31 and the end 
32a of the first counterpart electrode 32 is detected, it 
is determined that the blood introduction into the capil- 
lary 6 is performed through the opening 61 . In this case, 
the controller turns off the first switch 12a. In this state, 
voltage application and current measurement using the 
operative electrode 31 and the second counterpart elec- 
trode 33 is possible. On the other hand, when the liquid 
conduction between the end 31a of the operative elec- 
trode 31 and the end 33a of the second counterpart elec- 
trode 33 is detected, it is determined that the blood in- 
troduction into the capillary 6 is performed through the 
opening 60. In this case, the controller turns off the sec- 
ond switch 1 2b. In this state, voltage application and cur- 
rent measurement using the operative electrode 31 and 
the first counterpart electrode 32 is possible. 
[0050] After one of the switches 12a and 12b is turned 
off, the current measurer 14 measures the response 
current (S5), and the detector 1 5 checks the liquid con- 
duction again (S6). Specifically, in the case where the 
liquid conduction between the end 31 a of the operative 
electrode 31 and the end 32a of the first counterpart 
electrode 32 is detected in S3, the detector checks, in 
S6, whether or not liquid conduction is established be- 
tween the end 31a of the operative electrode 31 and the 
end 33a of the second counterpart electrode 33. On the 
other hand, in the case where the liquid conduction be- 
tween the end 31a of the operative electrode 31 and the 
end 33a of the second counterpart electrode 33 is de- 
tected in S3, the detector checks, in S6, whether or not 
liquid conduction is established between the end 31 a of 
the operative electrode 31 and the end 32a of the first 
counterpart electrode 32. The determination of whether 
or not the liquid conduction is established and the proc- 
ess when the liquid conduction is not detected (S6: NO) 



are performed similarly to S3. 

[0051] When the liquid conduction is detected in S6 
(S6: YES), the computation unit 16 computes the time 
taken from the detection of the liquid conduction in S3 

5 (See Fig. 4C) to the detection of the liquid conduction in 
S6 (See Fig. 4D) (S7), and computes the correction val- 
ue based on the computed time (S8). The correction val- 
ue is computed based on a lookup table stored in the 
memory 11 and showing the relationship between the 

10 time taken and correction values. The correction value 
may be one for correcting the response current (or the 
voltage converted from the current) or one for correcting 
the value obtained by computation using a calibration 
curve. 

15 [0052] In the detector 15, it is checked whether or not 
a predetermined time has elapsed since the liquid con- 
duction was detected in S6 (S9). This check is repeti- 
tively performed u ntil the detector 1 5 determines that the 
predetermined time has elapsed (S9: YES). When the 

20 detector 1 5 determines that the predetermined time has 
elapsed (S9: YES), the controller 1 0 turns on the switch 
1 2a (or 1 2b) which has turned off in S4, and the current 
measurer 14 measures the response current for the 
concentration computation (S11). It is to be noted that 

25 the switch 1 2a (or 1 2b) which has turned off in S4 need 
not necessarily be turned on in the current measure- 
ment in S11 .The measurement of response current may 
be performed at predetermined intervals after the liquid 
conduction is detected in S6. In this case, the response 

30 current at a certain time after the detection of liquid con- 
duction in S6 may be sampled and used as the response 
current for the computation. The measurement of the 
responsecurrentforthe computation in S11 may be per- 
formed after a predetermined time has elapsed since 

35 the electrical conduction was detected in S3. 

[0053] Subsequently, the computation unit 16 com- 
putes the blood glucose level based on the response 
current for the computation and the correction value 
(S12). The computation of the blood glucose level is per- 

40 formed by using a calibration curve showing the rela- 
tionship between the response current (or the voltage 
converted from the current) and the blood glucose level, 
for example. The computation result is displayed at the 
display 17 (S13). 

45 [0054] When whole blood is used as the sample liq- 
uid, the sample liquid contains blood cell components 
in addition to the component to be measured. The pro- 
portion of blood cell components in the blood, which is 
represented as hematocrit, influences the measure- 

50 ment result. As the hematocrit increases, the viscosity 
of the blood increases, whereby the travel speed of the 
blood through the capillary 6 decreases. Therefore, 
when the blood glucose level is computed taking the 
travel speed of the blood through the capillary into con- 

55 sideration, a proper value which compensates for the 
influence of hematocrit can be obtained. 
[0055] In this embodiment, the travel speed of the 
blood is found out in the concentration measuring appa- 
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ratus 1 by measuring the time taken from the occurrence 
of liquid conduction between the end 31 a of the opera- 
tive electrode 31 and the end 32a of the first counterpart 
electrode 32 to the occurrence of liquid conduction be- 
tween the end 31a of the operative electrode 31 and the 
end 33a of the second counterpart electrode 33, for ex- 
ample. Therefore, it is not necessary to measure the he- 
matocrit in advance or to input the hematocrit value into 
the concentration measuring apparatus 1 . Therefore, it 
is possible to obtain a proper measurement result which 
compensates for the influence of hematocrit while re- 
ducing the burden posed on the measurer or user in per- 
forming the measurement. 

[0056] Figs. 6-10 illustrate a second embodiment of 
the present invention. In thesefigures, parts orelements 
which are identical or similar to those of the foregoing 
embodiment are designated by the same reference 
signs as those used for the foregoing embodiment, and 
detailed description thereof will be omitted. 
[0057] As shown in Figs. 7 and 8, the biosensor 2' in- 
cludes a substrate 3', a spacer 4' and a cover 5'. and a 
capillary 6' defined by these parts. 
[0058] The substrate 3' has an upper surface 30' 
formed with an operative electrode 31' and a counter- 
part electrode 32'. Most part of the operative electrode 
31' extends longitudinally of the substrate 3', but an end 
31 a' thereof extends widthwise of the substrate 3'. Most 
part of the counterpart electrode 32' extends longitudi- 
nally of the substrate 3'. The counterpart electrode 32' 
has an end 32A provided with a first extension 32Aa and 
a second extensions 32Ab which extend widthwise of 
the substrate. The second extension 32Ab is larger in 
surface area than the first extension 32Aa. Alternatively, 
the first extension 32Aa and the second extension 32Ab 
may be made generally equal to each other in surface 
area. 

[0059] The end 31a' of the operative electrode 31 1 is 
located between the first extension 32Aa and the sec- 
ond extension 32Ab. The first extension 32Aa, the end 
31a' and the second extension 32Ab are spaced from 
each other longitudinally of the substrate 3. A reagent 
portion 35 is provided on the portions 31a 1 . 32Aa and 
32Ab to connect these portions to each other. 
[0060] The spacer 4' serves to define the height of the 
capillary 6'. The spacer 4' is formed with a slit 40' having 
an open end. The slit 40' defines the width of the capil- 
lary 6', and the open end of the slit 40' constitutes an 
introduction port 60' for introducing the sample liquid in- 
to the capillary 6'. 

[0061] The cover 5' is formed with a discharge port 
50'. The discharge port 50' communicates with the in- 
side of the capillary 6' and serves to discharge air from 
the inside of the capillary 6' to the outside. 
[0062] Similarly to the concentration measuring appa- 
ratus 1 according to the first embodiment shown in Fig. 
1, the concentration measuring apparatus 1' shown in 
Fig. 6 includes a controller 1 0, a memory 11 , a voltage 
application unit 13, a current measurer 14, a detector 



15, a computation unit 16 and a display 17. However, 
the concentration measuring apparatus 1' shown in Fig. 
6 is not provided with a switching unit, because only the 
single counterpart electrode 32' is provided in the bio- 

5 sensor 2', as shown in Figs. 7 and 8. Part of the pro- 
grams and data stored in the memory 1 1 of the concen- 
tration measuring apparatus 1' differs from those of the 
concentration measuring apparatus 1 (See Fig. 1). 
[0063] The method for measuring the blood glucose 

10 level using the concentration measuring apparatus 1' 
and biosensor 2' will be described below with reference 
to Figs. 6-8 and the flowcharts shown in Figs. 9 and 10. 
[0064] First, for measuring the blood glucose level, 
the biosensor 2' is mounted to the concentration meas- 

15 uring apparatus 1 '. and blood is introduced into the cap- 
illary 6' of the biosensor 2' through the introduction port 
60'. 

[0065] In the concentration measuring apparatus 1', 
the voltage application unit 13 applies a voltage across 

20 the operative electrode 31" and the counterpart elec- 
trode 32' of the biosensor 2' (S21). The current meas- 
urer 14 measures a response current (S22). Based on 
the response current, it is determined whether or not liq- 
uid conduction is established between the end 31a' of 

25 the operative electrode 31 ' and the first extension 32Aa 
of the counterpart electrode 32' (S23). Specifically, the 
detector 1 5 monitors the response current measured by 
the current measurer 12 and checks whether or not the 
response current exceeds a predetermined threshold 

30 value. When the response current exceeds the thresh- 
old value, the detector 1 5 determines that liquid conduc- 
tion is established between the end 31 a' of the operative 
electrode 31 1 and the first extension 32Aa of the coun- 
terpart electrode 32' (S23: YES). When the response 

35 current does not exceed the threshold value, the detec- 
tor determines that the liquid is not provided (S23: NO). 
[0066] When the detector 1 5 does not detectthe liquid 
conduction (S23: NO), the current measurement in S22 
and the check in S23 are repetitively performed until the 

40 detector 1 5 detects the liquid conduction (S23: YES). In 
this case, the measurement of response current in S22 
is performed every 0.05 to 0.2 seconds, for example. 
When the liquid conduction is not detected even when 
the check is performed more than a predetermined 

45 number of times or even after a predetermined time has 
elapsed, the operation may be treated as an error. 
[0067] When the liquid conduction is detected by the 
detector 1 5 (S23: YES), the detector 1 5 determines that 
the blood has entered the capillary 6' and checks wheth- 

50 er or not liquid conduction is established between the 
end 31 a' of the operative electrode 31 1 and the second 
extension 32Ab of the counterpart electrode 32' (S24). 
By the process step S24, it is determined whether or not 
a sufficient amount of blood needed for measurement 

55 is supplied to the interior of the capillary 6'. The liquid 
conduction detection process in S24 is performed fol- 
lowing the flowchart shown in Fig. 10, for example. 
[0068] Specifically, in the liquid conduction detection 
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process, the current measurer 14 measures the re- 
sponse current at predetermined intervals. A response 
current value A is obtained in the first measurement 
(S31), and a response current value B is obtained in the 
next sampling (S32). Subsequently, the response cur- 
rent value A is subtracted from the response current val- 
ue B to figure out the increase a (S33). Then, a response 
current value C is obtained in the next sampling (S34). 
The response current value B is subtracted from the re- 
sponse current value C to figure out the increase p 
(S35). Then, whether or not the difference between the 
increase p and the increase a is greater than a prede- 
termined threshold value y is determined (S36). When 
the difference between the increase p and the increase 
a is greater than the predetermined threshold value y 
(S36: YES), the detector 15 determines that the liquid 
conduction is established between the end 31a 1 of the 
operative electrode 31 1 and the second extension 32Ab 
of the counterpart electrode 32' (S37). When the differ- 
ence between the increase p and the increase a is 
smaller than the predetermined threshold value y (S36: 
NO), the detector 15 determines that the liquid conduc- 
tion is not provided. In this case, the process steps 
S31-S36 are repeated while using the current value C 
(S38) as the value B, using the increase p as the in- 
crease a (S39) and obtaining the next measurementval- 
ue. 

[0069] In the liquid phase reaction system formed in 
the capillary 6', oxidation-reduction reaction proceeds. 
As noted above, the second extension 32Ab of the bio- 
sensor 2' is larger in surface areathan the first extension 
32Aa. Therefore, when the blood reaches the second 
extension 32Ab, the response current value changes 
largely. Therefore, in the liquid conduction detection 
process of S24, the liquid conduction between the end 
31a' of the operative electrode 31' and the second ex- 
tension 32Ab of the counterpart electrode 32' can be 
easily and reliably detected from the sharp change in 
the response current. 

[0070] The detector 15 obtains the response current 
value when the liquid conduction is confirmed in S24 
(S3 7). The response current value is stored in the mem- 
ory 11, for example. Subsequently, the detector 15 
checks, in Step S26, whether or not a predetermined 
time has elapsed since the liquid conduction was con- 
firmed in S24 (S37). This check is repetitively performed 
until the detector 1 5 determines that the predetermined 
time has elapsed (S26: YES). When the detector 1 5 de- 
termines that the predetermined time has elapsed (S26: 
YES), the current measurer 1 4 measures the response 
current for the concentration computation (S27). Alter- 
natively, the response current may be measured at pre- 
determined intervals after the liquid conduction is con- 
firmed in S24 (S37). In this case, the response current 
at a certain time after the detection of liquid conduction 
in S24 may be sampled and used as the response cur- 
rent for computation. The obtaining of the response cur- 
rent for computation in S27 may be performed after a 



predetermined time has elapsed since the liquid con- 
duction was detected in S23. 

[0071] Subsequently, the computation unit 16 com- 
putes the blood glucose level (S28). Specifically, for ex- 

5 ample, the difference between the response current for 
computation measured in S27 and the response current 
measured in S25 is computed, and the blood glucose 
level is computed utilizing the difference and the calibra- 
tion curve stored in the memory 11. The computation 

10 result is displayed at the display 1 7 (S29). 

[0072] As noted above, in the prior art method, wheth- 
er or not a sufficient amount of blood necessary for 
measurement is supplied to the capillary is determined 
by the comparison between a predetermined threshold 

15 value and a measured response current. In this embod- 
iment, on the other hand, the liquid conduction between 
the end 31 a' of the operative electrode 31 1 and the sec- 
ond extension 32Ab of the counterpart electrode 32' is 
detected based on the increase of the response current 

20 (S36). Specifically, unlike the prior art method, the liquid 
conduction is detected based on the relative compari- 
son between response current values obtained by 
measurement, not based on the absolute comparison 
between a predetermined threshold value and a re- 

25 sponse current value. Therefore, even when the re- 
sponse current values are influenced by hematocrit, the 
detection of liquid conduction can be performed accu- 
rately without being influenced by hematocrit. Accord- 
ingly, whether or not a sufficient amount of blood nec- 

30 essary for measurement is supplied to the capillary 6' 
can be detected reliably. 

[0073] In this embodiment, the computation of the 
blood glucose level in S28 is performed based on the 
difference between the response current measured in 

35 S27 and the response current measured in S25. Since 
this difference is also a value obtained by relative com- 
parison, the computation provides proper concentration 
value which is free from the influence of hematocrit. 
[0074] In this embodiment, the correction similar to 

40 that of the first embodiment may be performed. Specif- 
ically, the time taken from the detection of liquid conduc- 
tion between the end 31 a' of the operative electrode 31 ' 
and the first extension 32Aa of the counterpart electrode 
32' in S23 to the confirmation of liquid conduction be- 

45 tween the end 31 a 1 of the operative electrode 31 1 and 
the second extension 32Ab of the counterpart electrode 
32' in S24 (S37) may be computed, and correction may 
be performed based on the time taken. 
[0075] The present invention is not limited to the first 

50 embodiment and the second embodiment described 
above. For example, the invention is applicable to a 
sample liquid other than blood, e.g. urine. Further, the 
method of the present invention is applicable for meas- 
uring a component otherthan glucose, e.g. cholesterol. 

55 Instead of hematocrit, the amount of chyle orthe degree 
of hemolysis of the sample liquid may be taken into con- 
sideration as a factor which influences the response cur- 
rent in the concentration measurement of the present 
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invention. 



Claims 

1. A concentration measuring method for measuring 
concentration of a particular component in a sample 
liquid using a test tool; 

the testtool comprising: a capillary for moving 
the sample liquid, and a first through third detection 
elements for measuring an electro-physical quanti- 
ty, the first through the third detection elements be- 
ing arranged in the mentioned order from an up- 
stream side toward a downstream side in a moving 
direction of the sample liquid; 

wherein the method comprises: 

a first detection step for detecting whether or 
not liquid conduction is established between 
the first detection element and the second de- 
tection element; 

a second detection step for detecting whether 
or not liquid conduction is established between 
the second detection element and the third de- 
tection element; 

a measurement step for measuring an electro- 
physical quantity for computation by using at 
least two of the first through the third detection 
elements; and 

a concentration computation step for comput- 
ing the concentration of the particular compo- 
nent based on the electro-physical quantity for 
computation. 

2. The concentration measuring method according to 
claim 1 , further comprising a time computation step 
for computing time taken from the detection of liquid 
conduction in the first detection step to the detection 
of liquid conduction in the second conduction step; 

wherein the concentration computation step 
comprises computing the concentration of the par- 
ticular component while taking the computed time 
into consideration. 

3. The concentration measuring method according to 
claim 2, wherein the concentration computation 
step includes data processing operation for correct- 
ing, based on a correction value, an electro-physi- 
cal quantity for computation or a computed value 
obtained based on the electro-physical quantity for 
computation; and 

wherein the correction value is obtained by 
computation based on data showing a relationship 
between the time taken and the correction value. 

4. The concentration measuring method according to 
claim 1 , wherein the second detection step compris- 
es measuring an electro-physical quantity by using 



all of the first through the third detection elements 
and determining whether or not liquid conduction is 
established between the second detection element 
and thethird detection element based on a time his- 
5 to ry of the electro-physical quantity. 

5. The concentration measuring method according to 
claim 4, wherein the second detection step compris- 
es measuring an electro-physical quantity at a plu- 

10 rality of predetermined measurement time points, 
computing a variation in current per unit time at 
each of the measurement time points, and deter- 
mining that liquid conduction is established be- 
tween the second detection element and the third 

15 detection element when the variation in current is 
greater than a predetermined threshold value. 

6. The concentration measuring method according to 
claim 4, wherein the second detection step compris- 

20 es computing a difference between an electro-phys- 
ical quantity measured at a certain measurement 
time point and an electro -physical quantity meas- 
ured at another measurement time point directly be- 
fore said certain measurement time point and de- 
25 termining that liquid conduction is established-be- 
tween the second detection element and the third 
detection element when the difference is greater 
than a predetermined threshold value. 

30 7. The concentration measuring method according to 
claim 4, wherein thethird detection element is larger 
in surface area than the first detection element in 
the test tool. 

35 8. The concentration measuring method according to 
claim 4, wherein the concentration computation 
step comprises computing the concentration of the 
particular component based on a difference be- 
tween an electro-physical quantity measured after 

40 a predetermined time has elapsed since liquid con- 
duction between the second detection element and 
thethird detection element was detected in the sec- 
ond detection step and another electro-physical 
quantity measured when liquid conduction between 

45 the second detection element and the third detec- 
tion element is detected in the second step. 

9. The concentration measuring method according to 
claim 4, further comprising a time computation step 

50 for computing timetaken from the detection of liquid 
conduction in the first detection step to the detection 
of liquid conduction in the second conduction step; 

wherein the concentration computation step 
comprises computing the concentration of the par- 
55 ticular component while taking the computed time 
into consideration. 

10. The concentration measuring method according to 
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claim 2, wherein the sample liquid contains a coex- 
isting component which causes an error in the con- 
centration measurement of the particular compo- 
nent; and 

wherein the time taken is figured out as a re- 5 
flection of influence of the coexisting component. 

11. The concentration measuring method according to 
claim 10, wherein the sample liquid is blood con- 
taining blood cell components as the coexisting 10 
component. 

12. The concentration measuring method according to 
claim 11 , wherein the particular component is glu- 
cose. 15 

13. A concentration measuring apparatus for measur- 
ing concentration of a particular component in a 
sample liquid using a test tool; 

the testtool comprising: a capillary for moving 20 
the sample liquid, and a first through a third detec- 
tion elements for measuring an electro-physical 
quantity, the first through the third detection ele- 
ments being arranged in the mentioned order from 
an upstream side toward a downstream side in a 25 
moving direction of the sample liquid; 

wherein the apparatus comprises: 

a detector for detecting whether or not liquid 
conduction is established between the first de- 30 
tection element and the second detection ele- 
ment as well as between the second detection 
element and the third detection element; 
an electro-physical quantity measurer for 
measuring an electro-physical quantity for 35 
computation by using at least two of the first 
through the third detection elements; and 
a computation unit for computing the concen- 
tration of the particular component based on 
the electro-physical quantity for computation. 40 

14. The concentration measuring apparatus according 
to claim 13, further comprising a voltage application 
unit for applying a voltage across at least two de- 
tection elements selected from the first through the 45 
third detection elements; 

wherein the electro-physical quantity measur- 
er measures a current as the electro-physical quan- 
tity when the voltage application means applies the 
voltage. 50 

15. The concentration measuring apparatus according 
to claim 13, wherein the computation unit computes 
time taken from the establishment of liquid conduc- 
tion between the first detection element and the 55 
second detection element to the establishment of 
liquid conduction between the second detection el- 
ement and the third detection element and com- 



putes the concentration of the particular component 
while taking the computed time into consideration. 

16. The concentration measuring apparatus according 
to claim 13, wherein the electro-physical quantity 
measurer measures an electro-physical quantity at 
a plurality of measurement time points with prede- 
termined intervals, and 

wherein the detector determines whether or 
not liquid conduction is established between the 
second detection element and the third detection el- 
ement based on a time-course of the electro-phys- 
ical quantity. 

17. The concentration measuring apparatus according 
to claim 16, wherein the detector computes a vari- 
ation in current per unit time at each of the meas- 
urementtime points and determines that liquid con- 
duction is established between the second detec- 
tion element and the third detection element when 
the variation in current is greater than a predeter- 
mined threshold value. 

18. The concentration measuring apparatus according 
to claim 16, wherein the detector computes a differ- 
ence between an electro-physical quantity meas- 
ured at a certain measurement time point and an 
electro-physical quantity measured at another 
measurement time point directly before said certain 
measurement time point and determines that liquid 
conduction is established between the second de- 
tection element and the third detection element 
when the difference is greaterthan a predetermined 
threshold value. 

19. The concentration measuring apparatus according 
to claim 1 6, wherein the computation unit computes 
the concentration of the particular component 
based on a difference between an electro-physical 
quantity measured after a predetermined time has 
elapsed since liquid conduction between the sec- 
ond detection element and the third detection ele- 
ment was detected by the detector and another 
electro-physical quantity measured when liquid 
conduction between the second detection element 
and the third detection element is detected by the 
detector. 
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